Flavonoids are a group of plant metabolites with antioxidant effects. One of the most abundant flavonoids in the human diet is quercetin. It is found widely in fruits, vegetables and has a lot of beneficial effects on human health. Quercetin has a positive pharmacological effect on bone metabolism and it prevents the organism against bone loss. However, its impact on the size of basic structural units of the compact bone is still unknown. Therefore, the aim of present study was to investigate the impact of the quercetin on femoral bone microstructure in 5-month-old male rabbits. Five rabbits of Californian broiler line were randomly divided into two groups. In the experimental group (E group; n=3), animals were intramuscularly injected with quercetin at dose 1000 μg.kg -1 body weight (bw) for 90 days, 3 times per week. Two rabbits without quercetin administration served as a control group (C group). According to our results, intramuscular application of quercetin had an insignificant effect on cortical bone thickness in male rabbits. In these rabbits, changes in qualitative histological characteristics were present in the middle part of the compacta, where primary vascular longitudinal bone tissue was present and expanded there from the periosteum. Also, a lower number of secondary osteons was found in these animals. From the histomorphometrical point of view, significantly decreased sizes of primary osteons' vascular canals and secondary osteons (p <0.05) were found in rabbits administered by quercetin. Our findings indicate that subchronic administration of quercetin at the dose used in our study had considerable impact on both qualitative and quantitative histological characteristics of the compact bone in adult male rabbits.
INTRODUCTION
Flavonoids are a group of natural polyphenolic substances which consists of two aromatic rings linked by 3 carbons, usually in an oxygenated heterocycle ring (Liu, 2004) . These aromatic secondary plant metabolites have been recognized as important bioactive compounds due to their physiological and pharmacological role, and their health benefits ( showed that a higher content of polyphenols and thus, a higher antioxidant activity have more colorful varieties of onions. According to Danihelová and Šturdík (2011), average daily intake of flavonoids is strongly dependent on individual, country and culture usages. It is approximately in the range of 150 to 300 mg/day
In nature, flavonoids are most frequently found as conjugates in glycosylated or esterified forms; however, they can occur as aglycones, especially as a result of the effects of food processing (Aggarwal and Heber, 2014). Many flavonoids are shown to have antioxidative activity, free-radical scavenging capacity, coronary heart disease prevention, and anticancer activity (Yao et al., 2004) . Their antioxidant capacity is associated with the presence of series of structural characteristics (most probably related to the phenolic hydroxyl groups attached to the ring structure) that allow them to quelate ions of transition metals such as Fe 2+ , Cu 2+ , or Zn 2+ and to catalyze the electron transport (Braun et al., 2011). Moreover, they are able to inhibit lipid peroxidation and platelet aggregation and improve increased capillary permeability and fragility ( In the recent past, dietary supplements of flavonoids, as their alternative sources, have become increasingly popular. However, it is important to point out that natural sources of flavonoids contain a complex mixture of secondary plant metabolites and not only flavonoids per se (Crassidy et al., 2011). This complex mixture cannot be simply exchanged by single purified substances as dietary supplements. Therefore, it is very essential to evaluate possible adverse effects of purified flavonoids as dietary supplements on human health. Indeed, there is growing evidence that purified flavonoids given in high doses may affect trace element, folate, and vitamin C status. Also, they can exhibit antithyroid and goitrogenic activities (Egert and Rimbach, 2011).
One of the most widely distributed flavonoid in plants is quercetin (3, 3', 4', 5, 7- Therefore, it has often been associated with the reduced risk of oxidative-stress related chronic diseases such as coronary heart disease, stroke and diabetes (Skibola and Smith, 2000). On the other hand, quercetin has potentially toxic effects, including its mutagenicity, prooxidant activity, mitochondrial toxicity, and inhibition of key enzymes involved in hormone metabolism ( The impact of quercetin on histomorphometry of basic structural units of the compact bone is still unknown. Therefore, the aim of our study was to investigate the effect of intramuscular application of quercetin on femoral bone microstructure in adult male rabbits.
MATERIAL AND METHODOLOGY
Our research was carried out on five male rabbits of meat line M91, maternal albinotic line (crossbreed New Zealand White, Buskat rabbit, French Silver) and paternal acromalictic line (crossbreed Nitra's rabbit, Californian rabbit, Big Light Silver) of approximately 5 months of age, with a body weight 4.00 ±0.5 kg. Animals were obtained from an experimental farm of the Animal Production Research Centre in Nitra (Slovak Republic) and were housed in individual flat-deck wire cages. The animals were maintained under constant conditions of light (12-h light/12-h dark), temperature (20-24 °C) and humidity (55% ±10%), with access to food (feed mixture) and drinking water ad libitum. The rabbits were randomly assigned into two groups. In the first group (E group; n=3), quercetin was applied intramuscularly in the concentration of 1000 µg.kg of Slovak Republic, no. 3398/11-221/3 and ethics committee.
At the end of experimental period (after 90 days), all rabbits were killed and their femora were used for histological analyses. Thin sections from femora were prepared according to the methodology of were assessed using the software Motic Images Plus 2.0 ML (Motic China Group Co., Ltd.). We measured area, perimeter, and minimum and maximum diameters of primary osteons' vascular canals, Haversian canals, and secondary osteons in all fields (i.e., anterior, posterior, medial and lateral) of the thin sections. The diaphyseal cortical bone thickness was also measured by Motic Images Plus 2.0 ML software. Twenty random areas were selected, and average thickness was calculated for each femur.
Statistical analysis was performed using SPSS 8.0 software. All data were expressed as mean ±standard deviation (SD). The unpaired t-test was used for establishing statistical significance (p <0.05) between both groups of rabbits.
RESULTS AND DISCUSSION
Our results showed an insignificant effect of quercetin on cortical bone thickness in male rabbits (1035.56 ±159.42 µm and 1025.06 ±209.09 µm in rabbits from E and C groups, respectively).
Compact bone microstructure in rabbits from C group (Fig.1) In rabbits from E group, endosteal bone surface was composted by primary vascular radial and irregular Haversian bone tissues. Primary vascular longitudinal bone tissue was in some areas (anterior and posterior) near endosteal surface completely resorbed. The rabbits intramuscularly administered by quercetin had fewer secondary osteons in the middle part of substantia compacta because primary vascular longitudinal bone tissue expanded into this part of bone from periosteum. The periosteal border was formed only by primary vascular longitudinal bone tissue (Fig. 2) .
Intramuscular administration of quercetin caused evident alterations in femoral bone microstructure of male rabbits. A lower number of secondary osteons in the middle parts of the substantia compacta could be associated with accelerated bone resorption. ROS have been reported to play a crucial role in the process of bone resorption Tables 1, 2 and 3. The values for measured parameters (area, perimeter, maximum and minimum diameters) of primary osteons' vascular canals and secondary osteons (except for their maximum diameters) were significantly lower (p <0.05) in rabbits from E group. The values from parameters of Haversian canals did not differ between both groups of rabbits. The primary osteons' vascular canals constriction in rabbits from E group can be related to the adverse effect ofquercetin on blood vessels, which provide bone nutrition ( We suppose that alterations in the size of primary osteons' vascular canals in rabbits from E and C groups are connected with an adverse effect of quercetin on the expression of eNOS. We assume that significant differences (p <0.05) in the size of secondary osteons between rabbits from E and C groups may be associated with the destruction of collagen fibers which are present in the osteons (Dylevský, 2007) . Kang et al. (2001) found that quercetin significantly inhibited collagens I and III expression and had a growthinhibitory effect on keloid-derived fibroblasts. The adverse impact of various concentrations of quercetin (20, 40, and 80 µmol.l -1 ) on human fibroblasts examined Stipcevic et al. (2006) . According to these authors, the administration of the highest dose of quercetin leads to significantly decreased collagen concentration (more than 50%) in fibroblasts. We supports that similar effect could also been observed in osteoblasts.
CONCLUSION
The study indicates that intramuscular application of quercetin at dose 1000 μg.kg -1 bw for 90 days, 3 times per week caused significant changes in qualitative and quantitative histological characteristics of the compact bone tissue in male rabbits. Rabbits exposed to quercetin had a lower number of secondary osteons in the middle part of the substantia compacta, and disposed thicker layer of primary vascular longitudinal bone tissue (periost and middle part of the bone). Histomorphometrical evaluations showed significantly decreased sizes of primary osteons' vascular canals and secondary osteons in males from the E group. Our article provides initial information of the impact of quercetin on femoral bone microstructure in experimental animals.
